the posterior parietal cortex (PPC), a site 4 cm posterior and 0.5 cm medial to the motor hot point was stimulated. This difference in the relative locations of the stimulation sites in the two studies and the typical underlying layout of the intraparietal region suggest that we were in fact affecting IPL processing. The results from our TMS study therefore appear to be consistent with Glover's planning-control model.
Abstract: Glover offers an account for why some pictorial illusions influence early but not late phases of an action. His proposed corrective control process, however, functions normally in the absence of continuous visual information, suggesting that the stimulus is registered veridically prior to action onset. Here I consider an alternative account, based on differing informational constraints of behaviors (and phases of behaviors).
Glover's planning-versus-control (PVC) model provides an intriguing explanation as to why pictorial illusions affect some behaviors much more than others. Earlier theories, most notably the Milner and Goodale (1995) perception-versus-action (PVA) model, have described the presence of separate visual streams for "perception" and "action," and acknowledged that the two streams must, of course, interact with one another. However, the form of that interaction has been only vaguely described. The PVC approach takes on the important task of describing the details of this interactive process.
The PVA model could be extended in some straightforward ways to account for most of the findings reviewed by Glover, if one simply presumes that the "perception" stream is involved in planning and early execution of actions, and the "action" stream controls the final stages of a behavior. This tremendous flexibility of the PVA theory, however, is one of its great limitations. The PVC model makes far more precise predictions -predictions that could potentially be refuted by further experimentation because of their specificity. Only by increasing the precision of our models do we make progress toward developing a better understanding of human perception and action.
With these strengths in mind, there are some decided limitations to the PVC approach that should be noted in the realm of size-mediated judgment versus reaching, described in much detail in this commentary. As Glover summarizes, it is generally believed that pictorial illusions exert large effects on (a) judgments and the early stages of visuomotor actions, while exerting small or nonsignificant effects on (b) the latter portions of a visuomotor action. The PVC approach claims that the planning of a reaching action is strongly influenced by pictorial illusions, and a corrective control process removes that error during the course of the reach. Implied by this theory is a closed-loop action control process that uses information from a "quickly updated visual representation in the SPL, coupled with visual and proprioceptive feedback, and an efference copy of the movement plan" (sect. 1.1, para. 2). Glover later states, "Put simply, the control system is focused on the on-line correction of the spatial parameters of the action" (sect. 1.1.3, para. 6).
One property of visuomotor actions from Glover's own studies, however, does not fit well with this story. Even when the view of the stimulus is removed at the onset of the action, the corrective process proceeds normally, just as when the stimulus is fully visible. Glover specifically states that the "dynamic illusion effects" are apparent when vision of the hand and target are blocked during the reach (Glover & Dixon 2001c; 2002a) . If the control system operates by providing on-line corrections to the process, then having visual information available on which to base the correction should be important. The fact that it is not suggests that the information for fully specifying the action, including the correction, is available before the action begins, that is, during the planning phase.
My collaborators and I have pursued an alternative account for the differences in the effects of pictorial illusions on judgment versus reaching behaviors based on the differences in the informational demands of the tasks (Vishton & Fabre 2003; Vishton et al. 1999; submitted) . For nearly all judgment tasks that have been studied in this context, participants compare multiple elements of the display. For instance, the Titchener circles illusion is commonly assessed by asking participants to compare the sizes of the two central disks. Nearly all action tasks in these studies, however, involve a two-finger pincer grip, which is mediated by the size of only one element of the display. While the judgment versus reaching difference between these two tasks has been highlighted, this "one versus two elements" difference provides an alternative explanation for the observed effects.
We have repeatedly found that if judgments are based on a single element, the effects of pictorial illusions are greatly reduced, often to the same levels observed with reaching behaviors. Conversely, in some situations, we have found that when actions are simultaneously based on multiple elements of a display, actions are more strongly influenced by pictorial illusions (Fig. 1) . Whereas the studies related to this approach cited by Glover used only two-dimensional stimuli (Vishton et al. 1999) , leaving the findings open to the interpretation that they were specific to "pantomime" reaches, we have more recently extended these results to reaches for three-dimensional targets as well (Vishton & Fabre 2003; Vishton et al., submitted) . These effects are not present at the very conclusion of the reaching action, when the size of the target object determines the size of the grasp, but the effects are apparent well past the midpoint of the reach. This work has also suggested that the familiarity of a task plays an important role in determining the effects of an illusion. For most people, reaching is a far more common, familiar task than overt judgment.
This account is not directly at odds with the PVC model, per se. My claim here is that there are facets of the interaction between response task and illusion magnitude that are better explained by alternative approaches. The PVC distinction may be present, but other important factors must be included in any complete understanding of how visually registered information leads to precise action choice, planning, and implementation.
Glover's focus on how different phases of an action are influenced by different sources of information (e.g., contextual vs. spatial information) is quite consistent with our approach, advancing it to a much more precise level. As Glover clearly points out, the choice of an action plan is mediated by different information than the control of the action once the general action plan has been set. We should therefore expect the distribution of visual attention to be different at these two moments. Differences such as these may influence how pictorial illusion displays are processed, whether separate visual processing streams are involved or not.
BEHAVIORAL AND BRAIN SCIENCES (2004) 27:1 Figure 1 (Vishton). The start (a) and end (b) of a reach mediated by sizes of two target elements. The grip-scaling component of one-handed, pincer grip reaching is largely immune to the effects of the Titchener circles illusion, but, if a two-handed reach is made, based simultaneously on both central disks in the display, the effects are significantly larger. For both "perception" and "action," it thus seems that illusions are small when based on a single element of a display and large when based on multiple elements.
